Document made available under the 
Patent Cooperation Treaty (PCT) 



International application number: PCT/CA05/00021 1 
International filing date: 18 February 2005 (18.02.2005) 



Document type: Certified copy of priority document 

Document details: Country/Office: US 

Number: 60/545,732 

Filing date: 18 February 2004 (18.02.2004) 



Date of receipt at the International Bureau: 13 April 2005 (13.04.2005) 



Remark: Priority document submitted or transmitted to the International Bureau in 

compliance with Rule 17.1(a) or (b) 




World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMPI) - Geneve, Suisse 



PA 1287085 





PCT/CA Z P05/0002 11 



not 



5j £@ggg3^} S jpfclfl*, ^OMlEttj 




UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 

February 25, 2005 

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM 
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK 
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT 
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A 
FILING DATE UNDER 35 USC 111. 

APPLICATION NUMBER: 60/545,732 
FILING DATE: February 18, 2004 



13 




SBy Authority of the 



^^iyaiyxxo^^^^— ~F PATENTS AND TRADEMARKS 



3 




r 



5 



N. WOODSON 
Certifying Officer 



3 




iitnimnnniinimmmnmnmnntniuiiiiimin 




LuimintmmM 




mm 



Please type a plus sign(+) inside this box 



CD 



PTO/SB/16 (02-01) 

US Patent andTS^a^S^oTffl^i 

prmviSIONAL APPLICATION FOR PATENT COVER SHEET 

™?yi*!ETL * fpRO^SlAL ^CAtTcM FOR PATENT under 37 CFR 1.53 (c). 

Label NO. EV 4438391 38 US_ 



cvs 

CO 



Express 




INVENTOR(S] 

Family Name or Surname 



Given Name (first a nd middle [if any]) 
Arturas 

Axel 

n Actional inventors are being named on the separately numbered sheets attached hereto 



Petronis 
Schumacher 



Residence 
(City and either State or Foreign Counti 



Toronto, Canada 
Toronto, Canada 



TITLE OF THE INVENTION (280 characters max) 



CpG-AMPLICON AND ARRAY PROTOCOL 



Direct all correspondence to: 
\ | Customer Number 



CORRESPONDENCE ADDRESS 




Type 



Place Customer Number 
Bar Code Label here 



OR 



X| Firm or 

Individual Name 

Address 
Address 
city 
Country 



ARMSTRONG, KRATZ, QUINTOS, HANSON & BROOKS, LLP 

502 Washington Avenue, Suite 220 



Towson 
USA 



State 
Telephone 



ROD 

410-337-2295 



ENCLOSED APPLICATION PAWfS 



21204 
410-337-2296 



H Specification Number of pages \ 26 



"x"| Drawing(s) Number of sheets jjS 



1 




CD(s), Number 



Other (specify) [ 



| \ Application Data S heet See 37 CFR 1.76 

METHOD OF PAYME NT OF FILING FEES FOR THIS PROVISIO NAL APPLICATION FOR PATENT 



| — [ Applicant claims small entity status. See 37 CFR 1.27. 
QTj A Check or money order is enclosed to cover the filing fees 

xl The Commissioner is hereby authorized to charge filing 
1 fees or credit any overpayment to Deposit Account Number. 



FILING FEE 
AMOUNT ($) 



□ 



02-2839 




I I Pavment bv credit card. Fo rm PTO-2038 is attached. 

y S ! was "ade by an agency ot the United States Government o r under a contract wth an agency of the Umted states 
Government. 



□ 



No 

Yes. the name of the U.S. Government agency and the Government contract number are: 




Respectfully submitteo*, 
SIGNATURE 



ie r) ft 



REGISTRATION NO. 

(if appropriate) 

Docket Number. 




TYPED or PRINTED NAME Rpbejt M Gannon 

TCLEPHO # 1c^^fFOR FILING A PROVISIONAL APPLICATION FOR PATENT 

Officer. U.S. Patent an&radema^Office, » * s 
FORMfe TO THIS ADDRESS. SEND TO. 




-„ m „, k>f piqdto t^nm the IFW ip**n* Hatabase on 02/18/2005 



1 



ROBERT M. CAMSON 
SAM ROSEN 



Y^tiNOTON OracK: 

JAMES E. ARMSTRONG. Ill 
WILLIAM G. KRATZ, JR * 
MEL R. QXJINTOS * 
DONALD W. HANSON * 
WILLIAM L. BROOKS * 
JOHN F. CARNEY * 
JAMES E. ARMSTRONG, IV 

GEORGE N- STEVENS • 
SUSANNE M. HOPKINS ♦ 
DARREN R. CREW* 



Patfmt AGENTS 

JAMES N.BAKER 

DANIEL A GESELOWITZ. PH.D. 



• Not admltttd In Maryland 



Intellectual Property Law Offices 

Leonard Bloom 

Senior Counsel 

Kratz, Quintos, Hanson < 

BALTIMORE OFFICE 
Suite 220 
502 Washington Avenue 
Towson, Maryland 21204 

Phone: (410) 337-2295 
Facsimile: (410) 337-2296 
Toll Free: 1-877-733-4766 
E-mail: lbpatent@mindspring.com 



February 18, 2004 



SUITE 1000 
1725 K STREET. NW 
WASHINGTON. D.C 20006 

TflKYft 1 1AjinTf ° mcE 

6™ FLOOR 
DIAMOND PLAZA BLDG 
25 ICH1BANCHO, CH1YODA-KU 
TOKYO 102, JAPAN 

EPJSBUBfiU ° mCB 

THE LAW & FINANCE BUILDING 

SUITE 707 
429 FOURTH AVENUE 
PITTSBURGH, PA 15219 

Of Counsel 

RONALD F. NAUGHTON • 
EDWARD F. WELSH * 
NICHOLAS S. BROMER • 
C. WILLIAM SCHILDNECHT * 



* VIA EXPRESS MAIL 
, EV 443839138 US 

Commissioner for Patents 
P. O. Box 1450 
Alexandria, VA 22313-1450 

Re: Our Docket No. 04082-PPA 

Dear Sir: 

Enclosed please find the following: 



CERTIFICATE OF TRANSMITTAL 
I hereby certify that this correspondence is 
being deposited with the U. S. Postal Service 
as Express Mail in an envelope addressed to: 
Commissioner for Patents, P. O. Box 1450, 
Alexandria, VA 22313-1450 
Date: February 18, 2004 
Express Mail No.: JE^443839138 

By:_^6c^_ 



1 New U.S.A. provisional patent application entitled "CpG- 
AMPLICON AND ARRAY PROTOCOL", including 
specification and claims (26 pages), drawings (6 pages) 
Petronis et al, Inventors. 

2. Form PTO/SB/1 6 duly executed. 



3. 



Our check No. 01499, in the amount of $160.00, to cover 
the application filing fee. 



4. Our post card. (Please date stamp and return.) 



~. . 3 hw P irbto from the IFW Imaqe Database on 02/1 8/2005 



ARMSTRONG, KRATZ, QU1NTOS, HANSON & BROOKS, LLP 

^ „ . . o February 18,2004 

The Honorable Commissioner z 



Please address all correspondence to: 



ARMSTRONG, KRATZ, QUINTOS, HANSON & BROOKS, LLP 

502 Washington Avenue, Suite 220 
Towson,MD 21204. 



The inventor(s) is (are): 



Arturas Petronis 
250 College Street 
Toronto, Canada M5T 1R8 
Citizenship: Canadian 

Axel Schumacher 
328 Brunswick Avenue 
Toronto, Canada M5R ZY9 
Citizenship: Canadian 



If there are any additional fees required, please charge our Deposit Account No. 02-2839. 

Thank you for your cooperation and assistance. 

Respectfully submitted, 

Robert M. Gamson 
Reg. No. 32,986 



RMG/jjr 
Enclosures 



C:\Corel\Offire7\V(PWin7UudyUppln\Provi 



T-3f4 ?.fi4/3f P-4&4 



Draft Paiem Application 

CfG-AmpucgfN anp Array Protocol 

Applicant: 

CENTRE FOR ADDICTION AND MENTAL HEAfcTH 

3ztV&ftt&3: 
sutures Fefroais 

Februeiy 13,2004 



tS-FSS-W 02JQ4PM FROMWLIHG 



T-5T4 P. OS/37 F-404 



- 1 - 



CpG-ampucon 



A. 



The present invention relates to methods and systems for epigenetic profiling. More 
specifically, the present invention relates to methods and systems for assessing 
methylation levels of nucleotide sequences. 



BACKGROUND OF THE INVENTXON 

Many lines of evidence have shown that modification of cytosine bases residing in the 
dinuelect ide sequence CpG in vertebrate genomes plays an essential role in regulating a 

variety of genome functions such as X chromosome motivation, parental imprinting, 

iasctivation of genomic retroskments, and differential gene expression. Across the 
human genome, about 80% of the CpG dteucleoridcs arc heavily methylated, but some 
areas remain unmethyiated, preferentially in the GC rich CpG islands [Bird, A.P., CpG- 
rich islands and ike function of DMA metkylaiion. Nature, 1286. 321(6067): p. 209-13.]. 
DNA methylation car. perform its regulatory function through the differential msrfcmg of 
genes. Cytosine methylation is a stable but potentially revcrsable process which allows 
f cr the tempera! and spatial -specific regulation of gene in higher organisms. 



Several different strategies have beer, applied to detect methylated CpG dinackotides 
in cukaryctic genomes (reviewed in [van Stecnsel. S. and S. Ilenikoff, Epigs»o m ic 
profiling U sir.g tnicroamtys. Siotechniques, 2003. 35(2). p. 346-50, 352-4, 356-7}). 
The roost frequently used method is the bisulfite modification-based strategy, 
developed by Frommer et al. [ Frommer, M., ei si., A genomic sequencing protocol 
that yields a positive display of5-meihylcytosme residues in individuui DNA strands. 
Prcc Nat! Acad Sci U S A, 1 852 . 8S(5): p. 1 827-3 1 .] . In this method, bisulfite 
cowans unmethyiated cytosine bases to uracil, whereas methylated cytokines remain 
unahered. Such sequences can be directly sequenced using the Sanger sequencing 
method or can be interrogated using roicroanays. In such microarrays, olinueleotide 

* 

pairs that differ by having either a cytosine or a thymine si a meihylaiabte posiiion of 
* pytosiue car. discriminate the two nucleotides by incubating at a temperature that 
allows only exact matches between the probe and the olinucleoride Adorjoa, ei a!., 
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Tumour class prediction and discovery by micraarray-based DNA methylatior. 
analysis. Nucleic Acids Res. 2002. 30(5): p. e21; Gitan, R.S., et al., Methylation- 
specific oligonucleotide microarray: a new potential for high-ihroughpui meikylation 
analysis. Genome Res, 2002. 1 2(1 ): p. 1 58-64; Bsiog, R.?.. et al., /»ora//e/ dmmM 
c/CpC methylatior, by two-color hybridization with oligonucleotide arrays. Anal 
Biochem, 2002. 309(2): p. 301-10; Hon, P.. et a!., A microarray io analyze 
meikylation patterns ofp26(!nk4a) gene S^CpG islands. Clin Biochem, 2003. 36(3): 
p. 197-202. 

Several other methods of providing methylstion status or a global seals including 
microarray experiments have been publishes, in a method called differential 
mcthylation hybridization (DMI1) [Huang, T.H., M.R. Perry, and D.E. Laux. 
Meikylation profiling ofCpG islands in human breast cancer cells. Hum Mol Genet, 
1999. 8(3): p. 459-70.], genomic DNA (gDNA) from breast cancer cells were treated 
with the four-base cutter lAsel that restricts gDNA into small fragments of 100-200 
bp. This enzyme rarely cuts in CpG-rich regions, leaving many CpG islands intact. 
Differentially methylated CpG islands have been identified by ligation of end adaptors 
and subsequent PCR amplification. 

Microarrays in this study contains DNA fragments representing various CpG islands. 
Several other publications used the step of enrichment for ihs hypermethylaied 
fraction ftf a given genome [Van, P.S et al., Applications of CpG island microarrays 
for high-throughput analyst of DNA methylene?*. J Nutr, 2002. 132{S Suppl); p. 
2420S-2424S;.Yan, P.S., et a!., Use of CpG island microarrays to identify colorectal 
tumors vAtk a high degree of concurrent merhylation. Methods, 2002. 27(2). p. 162-9; 
Shi, EL, et al., Triple analysis of the cancer epigenome: an integrated microarray 
system for assessing gene expression, DNA meikylation, and histone aeetyiaiion. 
Cancer Res, 2003. £3(9): p. 2 164-7 1; Toyota, M., et a!., Identification of differentially 
methylated sequences in colorectal cancer by methylated CpG island amplification. 
Cancer Res, 1999. 59(10): p. 2307-12; Van, P.S.. et al., Dissecting complex 
e pig e «£,: c alterations in breas; cancer using CpG island microarrays Cancer Res, 
2001. 61(23): p. 8375-SOJ. Amplification of non-me&ylaied sequences is suppressed 
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by The digestion of the template DNA before PCR with the restriction enzymes BsiUI 
and HpafI, which are blocked by nsethy&rion of their target sequence [Van, P.S., et 
a!,, Dissecting complex epigenetic alterations in breast cancer using CpG island 
microarrays. Cancer Res, 2001 P 6K23): p. 8375-80.]. The resulting hypermethylated 
DNA fraction was used to compare the methylarion pansms from tumor and conuol 
tissues by hybridizing to microarrays containing randomly cloned genomic fragments 
that were enriched in CpG islands. 

A related method uses a digestion step with Smah followed by digestion with AW, 
which is a methyl-insensitive isoschizomcr of Smal [Ilatada, i., et al., A micraarray- 
based method for detecting methylated locL J Hum Genet, 2002. 47(8): t>. 448-51 .1. The 
cleavage with S,~al produces blunt end DNA fragment, whereas the cleavage products of , 
JW/contains protruding ends, which are ligated to specific .KwsAadaptors, After a PCR 
that uses primers specific for these adaptors, the resulting amplification products, which 
consist mainly of methylated S'*CCCGGG-3* sequences, are hybridised to microarrays* 

Another method that uses mcthylation-sensiuve restriction enzymes fox fractionating 
DNA was presented by Tcmpa et a!. [Tompa, R. s ct al., Genome-wide profiting of DNA 
ntethylatlon reveals transposon targets ofCIIJtOMOMETHYLASES. Curr Biou 2002. 
12(1 }: p. 65-8.]. This strategy used the mcthylation sensitive enzyme Mspl, which cleaves 
5XCGG-3* but is blocked by rnethylarinn of the outer cytosSne ( m S'-CCGG-3 *}■ Digested 
DNA samples were size-fractionated on sucrose giauicuis (5%-3G%) by 
ulttacenmfugation aspi^vjpusly described [van Sieense!, B., J- Delrow, and S. Kenikoff, 
Chromatin profiling using targeted DNA adenine: meihyliransferase. Nat Genet, 2001. 
27(3): p, 304-8.]. Gradient fraction containing plant DNA fragments smaller Chan 2.S kb, 
as determined by gel-clcctrophoresis, were pooled and concentrated by isopTopanoi 
precipitation. Tester and control samples weie then labeled with Cy3- or Cy5«dCTP by 
random priming and co-hybridized to microarrays that contained spotted PCR 
amplification products that primarily represented randomly chosen locations from the 
Arakidopsis genome [Tompa, R., e* al., Genome-wide profiling of DNA meihyiation 
reveals transposon targets qfCHROMQMETHYLASE*. Curr Biol, 2002. 12(1): p. 65-8]. 
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There is a need in the an to develop new methods and systems for epigenetic profiling. 
Further there is a need in the an for new methods and systems for epigenetfc profiling of 
chromosomes and genomes. Further still, there is a need in the art to develop methods 
and systems to assess methyiation levels of probed loci such as repetitive elements, 
genes, imprinting elements, promoters, enhancer elements, intron sequences and whole 
genomes. 

It is an object of the invention to overcome disadvantages of the prior art. 

The above object is met by the combinations of features of the main claims, the sub* 
claims disclose further advantageous embodiments of the invention. 
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SUMMARV OF THE INVENTION 

The present invention relates to methods and systems for epigenetic profiling. More 
specifically, the present invention relates to methods and systems for assessing 
methylation levels of nucleotide sequences. 

According to the present invention there is provided a method of analysing the 
methylation state of one or more nucleotide sequences comprising the steps of: 

a) selecting one or more genomic test nucleotide sequences from one or more subjects 

* 

that exhibit a phenotype of interest and one or more corresponding genomic control 
sequences from one or more control subjects that lack the phenotype of interest; 

b) separately digesting the genomic test nucleotide sequences and the genomic control 
sequences with one or more frequent cutting restriction endonucleases; 

c) ligating adaptor nucleotide sequences to the ends produced from step b to produce 
ligated sequences; 

d) cleaving the ligated sequences with one or more methylation sensitive restriction 
endonucleases to produce amplifiable test nucleotide sequences, non-amplifiable test 
nucleotide sequences, amplifiable control nucleotides sequences and non-amplifiable 
control nucleotide sequences; 

e) amplifying the amplifiable test nucleotide sequences and amplifiable control 
nucleotide sequences to produce amplified test nucleotide sequences and amplified 
control nucleotide sequences; 

f) labelling the amplified test nucleotide sequences from step e) and the non-amplified - 
test nucleotide sequence from step d) with a first probe, and labelling the amplified 
control nucleotide sequence from step e) and the non-amplified control nucleotide 
sequence from step dj with a second probe; 

g) hybridising the labelled products of step f) with an array comprising a series of 
nucleotide sequences that are capable of hybridising thereto; 

h) determining the ratio of the signal emitted by the first probe relative to the ratio 
emitted by the second probe for each set of hybridised nucleotide sequences on the 
array, 
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The present invention also contemplates a method as defined above wherein the 
phenotype of interest comprises a disease, for example, but not limited to cancer, 
diabetes, Alzheimer's disease, schizophrenia or other disease. However, the present 
invention also contemplates employing the method of the present invention to analyze 
the methylation state or changes in the methylation state of one or more genomic 
nucleotide sequences in subjects, for example, but not limited to human subjects, or in 
cell cultures that are treated with a drug or the like, or that are subject to one or more 
specific physical stimuli or conditions. 

The present invention further contemplates a method as defined above wherein the 
frequent cutting restriction endonuclease is selective for A/T rich sequences over C/G 
sequences, for example Csp61, Tasl, or a combination thereof 

The present invention further contemplates a method as dtrfined above- wherein theprobe 

■ 

is a chemically reactive fluorophore, for example, but not limited the first probe may be 
Cy3 and the second probe may be CyS. 

The present invention farther contemplates a method of analysing* methylation state of 
one or more nucleotide sequences comprising the steps of; 

a) selecting one or more genomic test nucleotide sequences from one or more subjects 
that exhibit a phenotype of interest, and one or more correspondinggenomic control 
sequences from one or more control subjects that laek the phenotype of interest; 

b) separately digesting the genomic test nucleotidesequences and the genomic control 
sequences with one or more methylation sensitive restriction endonucleases, to 
produce ends that can be Hgated to an adaptor nucleotide sequence; 

c) ligating adaptor nucleotide sequences to the ends produced from step b) to produce 
Hgated sequences; 

d) cleaving the ligated sequences with one or more CpG methylation specific 
endonucleases, to produce amplifiable test nucleotide sequences,, non-amplifiable 
test nucleotide sequences, amplifiable control nucleotides sequences and non- 
amplifiable control nucleotide sequences; 
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e> amplifying the aropiifiable test nucleotide sequences and aroplifiabte control 
nucleotide sequences to produce amplified test nucleoride-sequences awtamplified 

control nucleotide sequences; 
f> labelling the amplified lest nucleotide sequences fronvstep*>and the non-amplified 
test nucleotide .sequence from step d) with a first probe, and labelling the amplified 
control nucleotide sequence from step e) and the non-amplified control nucleotide 
sequence from step d) with a second probe; 

g) hybridising the labelled products of step f) with an array comprising a series of 
nucleotide sequences that are capable of hybridising thereto; 

h) determining the ratio of the signal emitted by the first probe relative to the Tario 
emitted by the -second probe for each hybridised nucleotide sequence on the array . 

The present invention fiirther contemplates a method as defined above wherein ihe 
methylation restriction endonucleases comprise a cocktail comprising HpaU, BsulSl 
(Ctel), Hin6l f Acil (Ssil) and Tail. 

Also contemplated by the present invention as defined above, CpG specific restriction 
endonuclease is McrBC. 

* 

The present invention further contemplates a kit comprising one or more genomic test 
nucleotide sequences, one or more corresponding genomic control nucleotide sequences, 
one or more frequent cutting restriction endonucleases, one or more specific adaptor 
nucleotide sequences, one or more methylarion-sensitive restriction endonucleases, one or 
more CpG specific restriction endonucleases, one or more probes for labelling the 
nucleotide sequences, one or more microanays capable hybridising to the genomic test 
and control nucleotide sequences, software for displaying and/or analysing the sequences 
hybridised to the microarray, reagents and/or enzymes for amplifying nucleotide 
sequences, or any combination thereof. 
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This summary of xhe invention does not necessarily describe all necessary features of ihe 
invention but thar rhe invention may also reside in a sub-combination of the described 
features. 
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BRIEF DESCRIPTION OP THE DRAWINGS 

These and other features of the invention will become more apparent from the following 
description in which reference is made to the appended drawings wherein: 

FIGURE 1 shows a diagrammatic depiction of an embodiment of the present invention. 

FIGURE 2 shows a graphic depiction of a scattetplot of a comparison of a McrBC 
treated ligation versus an untreated ligation on the COMT-aRVCF array, 

FIGURE 3 shows a typical 'smear 9 of DNA amplification products produced from 
assays at different temperatures. 

■ 

FIGURE 4 shows a representative scatter plot of an experiment that detects methylation 
differences within repetitive elements (e.g. ALU or LINE elements) in different 
tissues. Grey circles indicate partially repetitive sequences (about 1 5 to about 30 
copies/genome); while white circles indicate highly repetitive sequences (about 
>100 copies/genome). 

FIGURE 5 shows a representative scatter plot of an experiment that detects methylation 
differences in the unique gene- and intergenic- sequences as well as of repetitive 
elements in the COMT-ARVCF chromosomal region on human chromosome 22 . 

■ 

FIGURE 6 provides of graphical depiction illustrating that methylation differences exist 
between DNA from human placenta tissue and DNA from post-mortem human 
striatum tissue. 
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DESCRIPTION OF PREFERRED EMBODIMENT 

According to an embodiment of the present invention and referring generally to Figure I , 
there is provided a method of analysing the methylation state of one or more nucleotide 
sequences. The method of the present invention may comprise the steps as shown on the 
left side of Figuie 1 , the right side of Figure 1 r or both the left and right sides of Figure 1 . 
In addition, the method of the present invention may comprise any combination of steps 
shown in Figure 1 , for example on the right hand side, the left hand side or a combination 
thereof. 

In an embodiment of the present invention, which i9 not meani to be limiting in any 
manner, the present invention provides a method of analysing the methylation state of one 
or more nucleotide sequences comprising the steps of: 

a) selecting one or more genomic test nucleotide sequences from one or more subjects 
that exhibit a phenotype of interest, for example a disease such as but not limited to 
cancer, diabetes, alzhejmers disease, schizophrenia or the like* and one or more 
corresponding genomic control sequences from one or more control subjects that 
lack the phenotype of interest; 

b) separately digesting the genomic test nucleotide sequences and the genomic control 
sequences with one or more frequent cutting restriction endonucleases, preferably 
selective for A/T rich sequences, for example, but not limityed to Csp6l and Tasl to 
produce ends that can be ligated to an adapror nucleotide sequence; 

c) ligating adaptor nucleotide sequences to the ends produced from step b to produce 
ligated sequences; 

d) cleaving the ligated sequences with one or more methylation sensitive restriction 
endonucleases to produce amplifiable test nucleotide sequences, non-ampiifiable test 
nucleotide sequences, amplifiable control nucleotides sequences and non-amplifiable 
control nucleotide sequences; 

e) amplifying the amplifiable test nucleotide sequences and amplifiable control 
nucleotide sequences to produce amplified test nucleotide sequences and amplified 
control nucleotide sequences; 
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ft labelling the amplified test nucleotide sequences from step e) and the non-amplified 
test nucleotide sequence from step d) with a first probe, for example* bui not limited 
to a chemically reactive fluoiophore, for example, but not limited to the fluorophore 
being Cy 3, and labelling the amplified control nucleotide sequence from step e) and 
the non-amplified control nucleotide sequence from step d) with a second probe, for 
example, a chemically reactive fluorophore, for example, but not limited to the 
fluorophore being Cy 5; 

g) hybridising the labelled products of step 0 wi * an arTa Y comprising a series of 
nucleotide sequences that are capable of hybridising thereto; 

h) determining the ratio , of the signal emitted by the first probe relative to the Tatio 
emitted by the second probe for each hybridised nucleotide sequences on the array. 

The method as described above is shown diagrammatically by the left side of Figure 1 . 

* ■ 

In an alternate embodiment, there is provides a method of analysing the mcthylarion state 
of one or more nucleotide sequences comprising the steps of: 

a) selecting one or more genomic test nucleotide sequences from one or more 
subjects that exhibit a phenotype of interest, for example a disease such as but not 
limited to cancer, diabetes, alzheirners disease, schizophrenia or the like, and one 
or more corresponding genomic control sequences from one or more control 
subjects that lack the phenotype of interest; 

b) separately digesting the genomic test nucleotide sequences and the genomic 
control sequences with one or more methylation sensitive restriction 
endonocleases, preferably a cocktail comprising Hpall, Bsul 51 (Clal), Hin61, Acil 
(Sstl) and Tail to produce ends thai can be ligated to an adaptor nucleotide 
sequence; 

c) ligating adaptor nucleotide sequences to the ends produced from step b to produce 
ligated sequences; 

d) cleaving the ligated sequences with one or more CpG methylation specific 
endonucl eases, for example, but not limited to McrBC to produce amplifiable test 
nucleotide sequences, non-amplifiable test nucleotide sequences, amplifiable 
control nucleotides sequences and non-amplifiable control nucleotide sequences; 
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e) amplifying the amplifiable test nucleotide sequences and amplifiable control 
nucleotide sequences to produce amplified test nucleotide sequences and 
amplified control nucleotide sequences; 

f) labelling the amplified test nucleotide sequences from step e) and the non- 
amplified lest nucleotide sequence from step d) with a first probe, for example, 
but not limited to a chemically reactive fluorophore. for example, but not limited 
to the fluorophore being Cy 3, and labelling the amplified control nucleotide 
sequence from step e) and the non-amplified control nucleotide sequence from 
step d) with a second probe, for example, a chemically reactive fluorophore, for 
example, but not limited to the fluorophore being Cy 5; 

g) hybridising the labelled products -of step 0 with an *\my comprising a series of 
nucleotide sequences that are capable of hybridising thereto; 

h) determining the ratio of the signal emitted by the first probe relative to the Tario 
emitted by the second probe for each hybridised nucleotide sequences on the 
array. 

Further details of the method as described above may be found as depicted on the right 
side of Figure 1. 

The present invention also contemplates a combination of the methods disclosed above, 
for example; but not limited to as shown generally by Figure 1 . 

* 

The method of the present invention may be employed to identify specific nucleotide 
sequences that may be hypermethylated or hypomethyiated in diseases relative to control 
genomic sequences and thus provide specific targets for therapeutic intervention. 
Further, the method may provide diagnostic and/or prognostic indicators for a disease. 

The method of the present invention may also be employed with cell cultures, for 
example, but not limited to monitor and measure methyJation changes after cells are 
treated with a biological agent, for example, but not limited to a drug, or after they are 
subjected to specific environmental conditions or stimuli. 



> 
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The method of the present invention also may be used in combination with other 
methods to detect and quantify methylated DNA, for example, but not limited to the 
bisulfate method as described previously, or any other method as is known in the an. 

The present invention further contemplates a kit comprising one or more genomic test 
nucleotide sequences, one or more corresponding genomic control nucleotide sequences, 
one or more frequent cutting restriction endonucleases, one or more specific adaptors 
nucleotide sequences, one or more methylation-sensitive restriction endonucleases, one 
or more CpG specific restriction endonucleases, one or more probes for labelling the 
nucleotide sequences, one or more microarrays capable hybridising to the genomic test 
and control nucleotide sequences, software for displaying and/or analysing the sequences 
hybridised to the microarray, reagents and/or enzymes for ampliiying nucleotide 
sequences, or any combination thereof 

In an embodiment of the present invention, the method as described above provides fox 
an array-based DNA methylation analysis of genomic nucleotide sequences, for 
example, but not limited io genes, repetitive elements such as but not limited to ALUs, 
LINEs etc... enhancer elements, repressor elements, chromosomal regions, whole 
chromosomes/genomes or any compbination thereof. Representative steps of the 
method, that are not meant to be limiting in any manner are shown in Figure 1. 

Referring now to Figure I , there is shown a diagrammatic depiction of an embodiment of 
the present invention. The procedure is described for a "sample" and "control", however 
as will be evident to a person of skill in the an, the term "sample" may comprise a 
genomic test nucleotide sequence from a subject that exhibits a particular phenotype and 
the "control" may comprise a genomic control sequence from a control subject wherein 
the phenotype is absent. For example, but not wishing to be limiting in any manner, the 
sample may be from a subject that exhibits a disease phenotype, for example, but not 
limited to cancer {fro example but not limited to cancer of the breast, brain, bone, blood, 
prostate, skin cancer, etc) diabetes, alzheimer's, hypertension or any other disease. 
Conversely, the "control 1 ' does not exhibir the phenotype. 
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To enrich for the hypennethylated fraction of genomic DNA (see left side of Figure 1), 
the DNA is cleaved first with a ftequeht cutting restriction endomiclease, preferably a 
restriction endonuclease specific* for A/T rich sequences, which produces ends in the 
DNA that can be ligated to an adaptor nucleotide sequence. Several enzymes with a 4-bp 
recognition sequence are known which produce sticky ends. For example, but not wishing 

* 

to be limiting in any manner, C$p6Im& Tos/produce suitable ends. After the ligation of a 
TasI or Csp6l specific adaptor nucleotide, sequences comprising internal sequences 
suitable for PCR amplification, the samples are cleaved with one or more methylation- 
sensitive restriction enzymes for example, but not limited to Bpall, AciKSsfl), Bsul 51 
(Clal) and/or Hin6I (Hhal), preferably a cocktail comprising 2 to about S or more of such 
enzymes. Consequently, substantially all unmethylated fragments are cut and cannot be 
amplified in the following PCR reaction. The PCR products of the sample and control are 
separately labeled with fluorescent dyes, combined, and hybridized to an oligo-array for 
example, but not limited to a COMT-ARVCF array, cPNA array or a CpG island 
microarray. The quantitation and analysis of array data permits a detailed comparison of 
the merhylarion status between sample and control . 

To enrich -the -hypoxnethylated fraction -of DNA in the sample and control, the DNA is 
cleaved with one or more, preferably a cocktail of methylation-sensitive restriction 
enzymes, for example, but not limited to Hpalf,Bmt Si (Clal), Hin6l\ Acif (Ssil) t T a J or 
any combination thereof. Depending on the methytarion status of the samples, these 
enzymes produce more or less fragments with sticky ends on which one or several 
adaptor nucleotide, sequences can be ijgated. Subsequently* the ligation products, are 
subjected to an amplification procedure, which uses the adaptor sequences as primers. 
Therefore, as shown in Figure 1 „ depending on the enzymes chosen, it is possible to 
enrich hypo- or hypermethylated fragments of nucleotide sequences in a sample and 
contol. The resulting DNA fragments may be labeled in the PCR reaction (indirect 

■ 

labeling method) or labeled after the PCR reaction (direct labeling method). Finally, the 
labeled products are hybridized to arrays, which contain short oligo sequences, and the 
fluorescent markers are quanrified and analyzed. 

During the restriction cleavage of template .DN As, the reaction is preferably spiked with 
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array-specific oligonucleotides thai function as noimaH2ation controls for example, but 
not limited to Lambda, Arabidopsis, prokaryotic plasmid sequences or a combination 
thereof. 

* 
■ 

In the embodiment shown on the right side of figure I, adaptor nucleotide sequences 
specific for the uranethylated CpG- djnucleorides are ligaied io the hypomethylated DNA 
fragments whereas the hyperroet&ylated (uncut) DNA redone remain unmodified. Long 
fragments, which could still contain methylated CpGs are cut by a CpG specific 
restriction endonuclease, for example, but not limited to McrBC. Without wishing to be 
considered limiting in any manner or bound by theory, McrBC is thought to cut only if 
two or more m CpGs are present in a DNA fragment. In a subsequent PCR reaction, 
primers complementary to the CpG-ad^ptors are used to preferentially amplify the 
hypomethylated DNA fragments in the sample and control. 

* 

• * 

Inset with Figure 1 is an example of a scatter plot derived from a "catechol-o- 
methyltransfcrasc, armadillo repeat gene deleted in VCFS syndrome" (COMT-ARVCF) 
array, which reveals differences in DNA roethylation patterns between samples and 
controls (see in particular the arrows in Figure 1 ). 

In an embodiment of the present invention, the method employs specific adaptor 
nucleotide sequences that are highly specific for the protruding ends, generated by the 
aforementioned restriction enzymes. The adaptor nucleotide sequences preferably 
contain a small sequence-specific protruding end and a non-target homologous core 
sequence, The adaptor nucleotide sequences may also comprise a specific antisense- 
overhang that prevents tandem repeat formation and blunt-end ligation, a 'disruptor" 
sequence, which disrupts the restriction sites after ligation, a non-5 '-complexnentaiy end 
and a new restriction site that facilitates the cleavage of the adaptor from the target 
sequences if desired, or a combination thereof. 

The following adaptor nucleotide sequences are exejnplaiy and are not meant to limit the 
invention in any manner. The term ''adaptor" and "adaptor nucleotide sequence" are 
used interchangeably. 
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m 

Ada ptor Nucleotide Sequences 

4 

(a) The CpG-overhang specific universal adaptor "II-CGI" for the hypcmethylated DNA 
fraction is an adaptor that fits to DNA ends produced by the following raethylation- 
scnsitivc restriction enzymes: Hpali. Ms P I. Hin6I. BsuJ5I(ClaI), Acil (Ssilj. Psp!406J 
(Acty. BspU9J (AsuII). Hintl (Acyl). Xmil (AccI) and the methylation-insensitive 
enzyme TaqI . The adaptor is the annealing product of the two primers: 

U-CGia: 5 '-CGTG6AGACTGACTACCAG AT-3' 
U-CGlb: 5'-AGTTACATCTGGTAGTCAGTCTCCA-3* 

(b) The ACGT-overhang specific adaptor "ACGT-1" for the hypomethylated DNA 
fraction is an adaptor that fits to DNA ends produced by the methylation-sensitive 
restriction enzyme Tail. The adaptor is the annealing product of these two primers: 
ACGT^la: 5'-GAGACTGACTACCAGAT-3' 

ACGT-1 b: 5' -AGTTAC ATCTGGTAGTC AGTCTCACGT-3' 

■ 

(c) The AATT-overhang specific adaptor "AATT-1" for the hypermethylated DNA 
fraction is an adaptor that fits tq DNA ends produced by the methylation-insensitive 
restriction enzyme Tasl (TspEIJ. The adaptor is the annealing product of these two 
primers: 

AATT-la: S'-GAGACTGACTACCaGATO" 

AATT- lb: 5 '-AGTTACATCTGGTAGTCAGTCTCAATT-3 ' 

(d) The TA-overhang specific adaptor "TA-P for the hypermethylated DNA fraction is 
an adaptor that fits to DNA ends produced by the methylation-insensitive restriction 
enzyme Cspdl. The adaptor is the annealing product of these two primers: 

TA-la: 5 9 -TATG AG ACTG ACTACC AG AT-3 * 
TA-lb: 5'-AGTTACATCTGGTAGTCAGTCTCA-3' 

The adaptor? are ligated by a T4 ligase to the restriction fragments produced by the 
enzymes specific for the hyper- and hypomethylated DNA fractions. 



Cnr»v ry*„,ij*** km iicdto fh e IFW Imaqe Database on 02/18/2005 



-FEB-Q4 02:0BPIil FROM-GOWllKG 



♦B13-5B3-BB68 



T-574 P .22/37 F-404 



-17- 

To enrich hyper- and hypomethylated fractions, both ligationrpools ate subjected to 
specific restriction cleavage prior to PCR amplification: 
The hypomethylated ligation-fragments are cleaved by CpG specific restriction 
endonuelease, for example, but not limited to, McrBC. McrBC from Escherichia coli 
K-12 is a restriction enzyme that belongs to the family of AAAT proteins and cleaves 
DNA containing methylcytosinc on one or both strands (Sutherland, E., L. Coe, and 
E.A. Raleigh. McrBC: amaltisubunirGTP-dependent restriction endomclease. J'Mol 
Biol, 1992. 225(2): p. 327-48; Kroger, T., C. WUd, and M. Noyer-Weidner, McrB: a 
prokaryotic protein specifically recognizing DNA containing modified cytosine 
residues. Embo J, 1995, 14(1 1): p. 2661-9; Stewart, F.J. and E.A. Raleigh, 
Dependence of McrBC cleavage on distance between recognition elements. -Biol 
Chem, 1998. 379(4-5): p. 611-6 J. McrBC does not substantially cut unmethyiated 
DNA. Sites on the DNA recognized by McrBC may consist of two half-siies of the 
form (Q/ A) m C. Without wishing to bo limiting in any manner or bound by theory, 

■ 

these half-sites may be separated by up to about3 kb, but are preferably separated by 
about 55 to about 103 base pairs. MerBC acts upon a pair of Pu^CG sequence 
elements, thereby detecting a high proportion of methylated CpQs within the ligation- 
fragments, but does not appreciably recognize HpaWMspJ sites (CCGQ) in which the 
internal cytosine is methylated. 

Referring now to Figure 2 there is shown a graphic depiction of a scatterplot of a 
comparison of a McrBC treated ligation versus an untreated ligation on the COMT- 
ARVCF array. As shown in Figure 2, McrBC treated fragments are cut and cannot be 
amplified in the adaptor-JPCR, therefore the signal will be much lower on the array 
(shown in the Cy5 channel). 

The hypermethylated ligation-fragments are preferably cleaved by specific combinations 
of the restriction enzymes Hpall Mspl Hin6I, BsulSI (Clal), Aril (Ssil). Pspl406I 
(AclIJ. BspllQl (AsuIIJ. HinU (Acyl) or XmiJ (AcdJ depending on the stringency of the 
approach . In an embodiment of the present invention, which is not meant to be limiting in 
any manner* all of the enzymes are employed. In an alternate embodiment any of about 4 
to about 9 en2ymes may be employed. Also, it is contemplated that other enzymes not 
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lisiedtjelowTOaY-be-e^ 

After xesiriction cleavage of the DNA-fractions, ligation produce are amplified with 
primes specific for the adaptors used in the assay. Either the ampltcon-fragments are 
labeled already during the PGR for example, but not limited to by allyUabeling (the 
standard method uses arninoaliyl (aa) nucleotide incorporation followed by coupling to 
N-hydroxysuccinimide (NHS) fimctionalized dyes (for example, but not limited to 
FluoroLink monoftmctional dyes from Amersham/UK}) or a standard PCR with normal 
dNTPs is performed with subsequent labeling of the amplification products by random 
priming,For the amplification of small amounts of DNA (for example, but not limited to 
from micro-dtsscwd tissues, the amplicons arc amplified by a suitable enzyme for 
example, but hot limited to the Phusion enzyme (MJ Research. Finland). Typically, a 
smear of DNA fragments is generated during the amplification reaction (see Figure 3). 

Figure 3 shows a typical 'smear' of DNA amplification products. The 
annealing temperature influences the product size. Depending on the desired 
fragments-size, PCR conditions can be adjusted accordingly. Usually, an 
increased annealingtelongation temperature will lead to an increased product 
size. As larger PCR fragments can cross-hybridize to more of the oligos on the 
microarray, preferably they are avoided. 

After labeling of sample and control samples with an appropriate probe, fax example, but 
not limited to a fluorophore such as monofitnctional Cy3/Cy5 dyes, the labeled samples 
may be hybridized to the microarray. In separate embodiments of the present invention, 
which are not meant to be limiting in any manner, the arrays may comprise human 1 .7k 
cDNA arrays (UHN/Toronto, Can; which contain 1718 well characterized human ESTs), 
CpG island arrays (UHN/Toronto, Can), containing 12192 CpG island clones from the 
Sanger Centre/UK and custom made oligo-arrays for example, but not limited to an array 
spanning about .10.0 kb of the human COMT- ARV.CF region on chromosome 22 have 
been successfully employed as arrays in practicing themethod of the present invention. 
The present invention further contemplates the use of any array known in the an in the 
method of the present invention. 
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•Design of die pHpo-wavs 

Without wishing |o -be limiting in any manner, epigenetic oligo-microarrays may be 
prepared on CMT-GAPS slides (Coming Inc.) or. equivalent pre-processed microarray 
slides. Oligos for a desired chromosomal region (for example, but not'limited to human 
LINE repetitive elements are preferably about 25bp to about 50 bp in length or longer; 
The sequence of the oligos is preferably derived from loci between methylation-sensitive 
restriction sites used in the method (more preferably Acil, Hpall md Hin6T). The oligos 
are preferably designed either between each adjacent restriction sites or for every second 
site, depending on the specificity desired for each chromosomal region. 

The method of the present invention may be employed in a wide variety of applications, 
for example, but not limited to the detection of .methylation differences within human 
repetitive elements (Figure 4). 

Figure 4 shows a representative scatter plot of an experiment that detects methylation 
differences within repetitive elements (e,g. ALU or LINE elements) in differentiissues. 
Gxey circles indicate partially repetitive sequences (about 1 5 to about 30 copies/genome); 
while white circles indicate highly repetitive sequences (about >100 copies/genome). 

In addition to the detection of repctative signals, the method may also be employed to 
detecr methylation differences in unique gcne^sequences as exemplified for the analysis 
of brain-tumors compared to control brains (see Figure 5). 

Figure 5 shows a scatter plot of an experiment that detects methylation differences in the 
unique gene- and imergenio sequences as well as of repetitive elements fn the COMT- 
ARVCF chromosomal region on human chromosome 22. In this comparison the analysis 
of the oligo-arrays revealed a relative hypermethylation of repetitive elements in the brain 
rumor. 
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Referring now to Figure 6 there is shown an example wherein the method may be 
employed compare different tissues in respect to their methylation profile on 
chromosome 22. As shown in Figure 6, methylation differences exist between DNA 
from human placenta tissue and DNA* from post-moitern human striatum tissue. The 
method reveals a significant temporal- and spatial methylation difference between these 
two tissue types. The further the location of a dot from the regression line, the larger the 
DNA methylation difference in the given location of the DNA fragment. 

The following description is of a prefenred embodiment by way of example only and 
without limitation to the combination of features necessary for canying the invention into 
effect. 

The above description is not intended to limit the claimed invention in any manner, 
furthermore, the discussed combination of features might not be absolutely necessary for 
the inventive solution. 

The present invention will be further illustrated in the following examples. However it is 
to be understood that these examples are for illustrative purposes only, and should noi be 
used to limit the scope of the present invention in any manner. 

Examples 

Example 1: Profiline of ep?G DRD2 u&inp microarravs 

In an embodiment of the present invention, the method may be employed to profile 
epiG DRD2 using microarrays. In the embodiment,. a microanay is designed. thai is 
specific for epiG profiling of the full length of DRD2, including the very long 
(~250!cb) intron X. Without wishing to be limiting in any manner, the general 
principle of the 'epiG' array comprises the hybridization of the hypomethylated (or 
hypermethylated) fraction of genomic DNA (or the DNA fraction associated with 
acetylated, methylated, for example, but not limited to histones) to the microarray 
containing oligonucleotides that represent the genomic region of interest. Intensity of 
hybridization correlates with the DNA methylation status at the genomic locus 
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hornologous to a specific oligonucleotide onthe array. The microarray -based epiG 
analysis of DRD2 comprises ihefollowing steps: 

■ 

i) Oligonucleotides for microarrays. Using the publicly available human genome 
sequence of DRD2 plus wide upstream and downstream regions 
(http://genome;ucsc.edu/)> 40-50 base oligonucleotides (with aminomodifiers at the 5 # 
end) that cover the testable genomic region of ~350kb arc designed. In epiG studies, 
sufficient coverage is achieved by about 3-5 (or more) oligonucleotides per kilobase 
of genomic DNA. Repetitive DNA elements may be excluded using the 
RepeatMasker, which reduces the length of the target sequence from about 350kb to 
about 200kb. This icquixca about 800 oligonucleotides thai will be synthesized for 
example, but not limited to at Qiagen, and ihen spotted on the glass at a specific 
location, for example, but not limited to the UHN Microarray Facility. 

ii) DNA samples are extracted from the D2 expressing cell lines-treated with i) 
halqperidol; ii) clozapine; iii) haloperidol + VPA; Jv) clozapine + VPA; v) VPA~only, 
and the control DNA is extracted from the identical cell line of the same age, but 
without exposure to an antipsychotic. Two D2 receptor expressing ceil lines are used: 
HTB-1S (Y-79)57 (available from ATCC), and hNT58 (available from Layton 
Bioscience, Inc.). 

iii) Time intervals. DNA samples are extracted from each of the above treatments 
after 1, -6, and 24 hours, and then 3, and 7 days (time intervals selected arbitrarily). 

iv) Preparation of the hypomethylated fraction of genomic DNA. Without wishing 
ro be bound by theory, a cocktail of methylation sensitive restriction enzymes, such as 
Hpafl, Hin6I, Acil, Tail, and a recent addition of McrBC, may interrogate 25%-50% 
of all CpGs {Schumacher, Petronis et al; in preparation)- In order to enrich the 
hypomethylated fraction of genomic DNA, after digestion with DNA methylation 
sensitive restriction enzymes, DNA adaptors are ligated to the restriction fragmen ts, 
which is followed by subsequent polymerase chain reaction (PCR) amplification using 
primers that are complementary to the adaptors. PCR conditions are adjusted in such a 
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way that only fragments that ate less than Ikb (i;e. short, digested, and Therefore 
unmethylated) will amplify preferentially. The hypomethylated fraction of genomic 
DNA from matching pairs are then labeled with Cy3- {e.g., DNA from ceils treated 
with haioperido!) and Cy5- (e.g., DNA from the control cells) and corhybridized to the 
mieroarray. Each comparison is performed in duplicate ot greater, and averaged 
intensities are used for the farther analyses. 

v) Hybridisations axe performed using standard array protocols as described 
herein, and scanning of microarrays may be perftomed at the UHN Microarray 
Facility using the GenePix software (Pro 3.1). the software gives a raw data output, 
which is normalized by NormalijriugSuito 2.0 and subjected to further analysis using 
the home-made Excel Macros. A set of experiments on a gene using a microarray of 
100+ oligos (more recently with 300+ oligos), shows consistent results of DNA 
mcthylation profiles of this region. 

vi) Data analysis. The analysis of hybridization profiles and identification of the 
drug induced epiG changes is straightforward. The hypomethylated fraction of DNA 
from treated cell lines is compared to the one from an untreated control, and scaner 
plot diagrams for each comparison will be generated. Hybridization signals that 
deviate from the regression line are sought. 



The method of enriching hyper- and hypomethylated DNA fractions is different and 
improved compared to previously published methods. The method as disclosed herein is 
the first that uses a novel strategy for the enrichment of hypomethylated and 
hypermethylated fraction of genomic DNA, that efficiently compares the methytarion 
status of GpG dinucleotides in test and control samples across large and very "large 
segments of genomic DNA- In addition, the method employs an informative combination 
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of meihylation sensitive restriction enzymes S(s^^ or do noi cleave DNA containing 
methyJ-cytosine on one or both strands and permits for a more stringent and fjgi^k 
analysis of methylation profiles compared to the oiher methods known in the an. 

The present invention also allows the analysis of veiy small tissue samples (e.g. from 
laser micro-dissected samples). The necessary amount of genomicDNA (gDNA) for one 
analysis may be *s low as 50 pg (< 10 cells). 

The array-based method as described above has also several advantages compared to the 
btsulfite-dependenr methods. The methods that rely on the bisulfite method are 
commonly used but require laboHnurnsive and time-consuming Cloning and sequencing 
steps, whkhcanbe skipped when using the method ^of the present mvemion. Further, the 
bisulftte-based strategies provide only information about specific residues that have been 
chosen in advance as being informative, whereas .themethod as described hereinmay be 
used to screen complete genomes ^ for tnethylation differences. Moreover, if the bisulfite 
approach is used in the microarray format, the tectaiquerequires numerous permutations 
of oligonucleotides, which dramatically increases the costs for oligonucleotides or is 
limited to-a relatively short DNA segment. 

All citations axe herein incorporated by reference. 

The present invention has been described with regard to prefeired embodiments. 
However, it will be obvious to persons skilled in the an that a number of variations and 
modifications can be made without departing from the scope of the invention as described 
herein. 
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THR EIWBOMMENT&OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OF PRIVILEGE IS CI-AlMEO ARE DEFINED AS FOLLOWS: 

1 . A method of analysing the -methylation state of one or more nucleotide sequences 
comprising the steps of; 

a) selecting one or more genomic test nucleotide sequences from one ormore subjects 
that exhibit a ^heno^pe of interest and one or more corresponding genomic control 
■sequences from one or mexe control subjects that lack the phenotype of interest; 

b) separately digesting: the.genomi& test nucleotide sequences and the genomic control 
sequences with one or more frequent cutting restriction endoirocieases; 

c) -ligating adaptor nucleotide sequences to the ends produced from step b to produce 
ligatcd sequences; 

d) cleaving the ligated sequences with one or more methylution sensitive restriction 
endonuclease* to produce aroplifiable test nucleotide sequences, non-amplifiabie test 
nucleotide sequences, amplifiable control nucleotides sequences and notvamptifiahte 
•control nucleotide sequences; 

e) amplifying the amplifiable test nucleotide sequences and ampttfiabte: control 
nucleotide -sequences to produce amplified test nucleotide sequences and amplified 
control nucleotide sequences; 

^labelling the amplified test nucleotide sequences from step e) and the noiramplifted 
test -nucleotide sequence from step d) with a first probe, and labelling the amplified 
control nucleotide sequence from step e) and the non-amplified control nucleotide 
sequence, from step d) with -a second probe; 

g^ hybridising the labelled products of step $ with an array comprising a series of 
nucleotide sequences that are capable of hybridising thereto; 

b) determining the ratio of the signal emitted by the first probe relative to the ratio 
emitted by the second probe for each set of hybridised nucleotide sequence on the array. 

2) The method of claim 1 , wherein said phenotype of interest comprises a disease such 
as cancer, diabetes, alzheimers disease, or schizophrenia. 

3) The method of claim 1 . wherein said frequent cutting restriction endonucleasa is 
selective for A/T rich sequences over C/G sequences. 
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4) The method of claim 3, wherein said frequent cutting restriction endonuclease 
comprises Csp61, Tasl,*>r a ^orobinatioH thereof . 

5) The method -of claim 1, wherein said probe is a chemically reactive ftaoraphore; 

6) The method of claim 5 , wherein said flurophore is Cy 3 or Cy 5. 

7) A method of analysing the methylation fiTate of one or more nucleotide sequences 
comprising, the steps o£. 

a) selecting one or moir genomic test nucleotide sequences from one or more subjects 
that exhibit a phenotype of interest, and one or more corresponding genomic control 
sequences from one or more control subjects that lack the phenotype of interest; 

b) separately digesting the genomic test nucleotide sequences and the genomic control 
sequences withoneor more methylation sensitive restriction endonucleases, to produce 
ends that can be ligated to an adaptor nucleotide sequence; 

c) ligating adaptor nucleotide sequences to the ends produced from step b) to produce 
ligated sequences; 

d) cleaving the ligated sequences with one or more CpG methylation specific 
endonucleases, to produce amplifiable test nucleotide sequences, non-anxplifiabic test 
nucleotide sequences, amplifiable control nucleotides sequences and non-ampliflable 
control nucleotide sequences; 

e) amplifying the amplifiable test nucleotide sequences and amplifiable control 
nucleotide sequences to produce amplified test nucleotide sequences and amplified 
control nucleotide sequences; 

f) labelling the amplified test nucleotide sequences from step e) and the non-amplified 
test nucleotide sequence from step d) wiih a first probe, and labelling the amplified 
control nucleotide sequence from step e) and the non-amplified control nucleotide 
sequence from step d) with a second probe; 

g) hybridising the labelled products of step f) with an array comprising a series of 
nucleotide sequences that are capable of hybridising thereto; 
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h) determining the ratio of the signal emitted by the first probe relative to the ratio 
emitted by the second probe for each hybridised nucleotide sequence on the array. 

8) The method of claim 7, wherein said methylation restriction endonucleases comprise a 
cocktail comprising Hpall, Bsul 51 (Ctel), Hin61, Acil (Ssil) and Tail. 

9) The method of claim 7, wherein said GpG specific endonuclease is McrBC. 

10) A. kit comprising one or more genomic test nucleotide sequences, one or more 
corresponding genomic control nucleotide sequences, one or more frequent cutting 
restriction endonucleases, one or more specific adaptor nucleotide sequences, one or 
more methylation-sensitive restriction endonucleases, one or more CpQ specific 
restriction endonucleases, one or more probes for labelling the nucleotide sequences, one 
or more microarrays capable hybridising to the genomic test and control nucleotide 
sequences, software for displaying and/or analysing the sequences hybridised to the 
microarray, reagents and/or enzymes for amplifying nucleotide sequences, or any 
combination thereof. 
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ABSTRACT OF THE DISCLOSURE 
The invention can be summarized as follows. There is provided a method for 
amplifying hypeimethylated genomic nucleotide sequences and/or hyponunhylated 
genomic nucleotide sequences md comparing die methylation stale between different 
samples, for example control and test samples. Also disclosed is a microarray based 
method for analysing hyper andtef hypomethylatcd genomic nucleotide sequence. 
Further, kits comprising reagents for practising the method are provided. 



j 

« 




FIGURE 1 



, j„j k„ p (cjoto *T«m »hf> ipw imaae Debase on 02/18/2005 



1B-FEB-04 M-Aim FRQM-SGWUNS 



574 f .33/37 -F-4&4 



-28- 

Influence of McrBC treatment 



1MM 



Methylated ON A fragments 
cut by McrBC ! 



lA 

1 

o 

1 to- 



ts 



McrBC plus (CyS) 




FIGURE 2 



Coov provided bv USPTO from the IFW Image Database on 02/18/2005 



T-574 ?:34/3T f-4Q4 



-29- 




FiGURF. 3- 




1S-FEB-D4 QM2PH PROM-GOWllNG 



+613-563-8069 



T-5?4 P. 35/37 F-4D4 



- 30 - 



iottet vs. mucosal c»U* 



1QDDCC 



ifiooa 

1 

tcaa 



100 



*4« M I 4 




WOO 



to&oao 



— u M ucsdto th* ipw n,* 0 k, cfi on 02/18/2005 



T-5T4 -P .3B/3T -WW 



-31 - 



Comroi-BraJn va, Brain-Tumor 




Copy provided by USPTO from the IFW Image Database on 02/18/2005 




02:13PM f ROSS-COWL ttfG 



+B13-563-B8B8- 



T-5T4 P.3f/3T F-404 



tafrSfirtetatn v& Placenta 



W m W WW 




10QOOT 



» 



r«nv iwvifW hv I ISPTO from the "=W imaae Database on 02/18/2005 



